Background-The sensation ofrespiratory effort may increase as expiratory muscles become fatigued during expiratory loading. A study was performed to determine whether expiratory muscle training (EMT) affects the sensation of respiratory effort during exercise in healthy subjects. Methods -Six subjects performed EMT for 15 minutes twice daily for four weeks using a pressure threshold device; another six subjects served as a control group. The expiratory threshold was set at 30% of the individual's maximum expiratory mouth pressure (PEmax). The sensation of respiratory effort was evaluated during a progressive exercise test using the Borg scale. Results -After EMT PEmax increased by 25% in the training group. The Borg score increased as exercise grade increased before and after EMT, but scores for each grade were lower after EMT. Minute ventilation during exercise decreased after EMT, as did the breathing frequency during exercise, while the expiratory time increased. Although there was no difference in the relationship between Borg score and minute ventilation before or after EMT, the curve shifted to a lower Borg score after EMT. There were no changes in PEmax, Borg score, minute ventilation, or breathing pattern after the four week study period in the control group. Conclusion -These findings suggest that EMT increases expiratory muscle strength and reduces the sensation of respiratory effort during exercise, presumably by reducing minute ventilation.
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(Thorax 1995;50:366-370) piratory fatigue in healthy subjects. 6 We recently found that the sensation of respiratory effort increased as expiratory muscles became fatigued during expiratory loading. 7 Leith and Bradley reported that respiratory muscle training increases respiratory muscle strength in normal subjects, 8 and inspiratory muscle training improves inspiratory muscle strength as well as exercise endurance in patients with COPD.910 However, several questions concerning the effect of respiratory muscle training in patients with COPD are raised." 2 Recently, we found no improvement in the sensation of respiratory effort during exercise after inspiratory muscle training in normal subjects.'3 It is not clear whether improved respiratory muscle strength influences the sensation of respiratory effort, although respiratory muscle fatigue increases the sensation of respiratory effort.'47 During exercise expiratory muscles, especially the abdominal muscles, contribute substantially to increased ventilation; the work of inspiratory muscles also increases during exercise.415 An increased sensation of respiratory effort during exercise may therefore be related to the participation of expiratory muscles.
We hypothesised that, during increased ventilation such as exercise, an increase in expiratory muscle strength would reduce the magnitude of the central command needed for a given amount of work from the expiratory muscles, thereby reducing the sensation of respiratory effort. To examine this hypothesis we measured the sensation of respiratory effort in healthy subjects during a progressive exercise test before and after a four week period of expiratory muscle training using a pressure threshold device. of a series of integers from 0 to 10. The subject was told to estimate the effort required to produce each breath, but not shortness of breath or the effort of exercise. During exercise the Borg scale was kept in front of the subject who was asked to rate effort at one minute intervals.
EXERCISE TEST
A progressive exercise test was performed on a treadmill (Quinton Q50, Seattle, Washington, USA). Each subject breathed air through a twoway non-rebreathing valve (No. 2700, Hans Rudolph, Kansas City, Missouri, USA) so that concentrations of expired gas and ventilation could be measured. Expired gas was sampled and analysed breath by breath. Tidal volume (VT), breathing frequency, minute ventilation (VE), oxygen uptake (CV2), output of carbon dioxide (Vco2), and dead space/tidal volume ratio (VD/VT) were determined using the 2900 Energy Measurement System (Sensormedics, Anaheim, California, USA). Expiratory time (Te) was calculated from the flow signal. The VD/VT was determined using the Bohr equation. Arterial oxygen saturation was measured with a pulse oximeter (Biox 3740, Ohmeda, Boulder, Colorado, USA). An electrocardiogram was monitored throughout the experiment.
A modified Balke exercise protocol was used.'8 The workload was increased by approximately 1 met (metabolic equivalent of resting 02 uptake) at one minute intervals. At stage 1 the treadmill was kept at a constant speed of 2-0 mph and the grade at 0%. Beginning at stage 2, the grade was increased from 0% by 2-5% at one minute intervalsthat is, one stage per minute -up to stage 10, and the speed was kept at a constant 3-3 mph. All subjects completed the exercise test to stage 10 on both the control day and after four weeks, and consequently the exercise test was submaximal exercise. Before EMT the Borg score increased linearly with time in both groups (r=0-96(0-05) and 0 97(0 04) for the control and training groups, respectively) ( fig  2) . On the control day there was no significant difference between the two groups in the Borg score at any stage of exercise. After EMT the Borg score was significantly lower than the control day at each exercise stage (fig 2,  p<001 ). In the control group the Borg score did not change significantly at any exercise stage during the four week study period The Borg score and VE were cl related in all subjects on each (0-89<r<0 99). The relationship the Borg score and the VE was simi control day and after four weeks in bo 369 In the training group EMT shifted the position of the curve toward a lower Borg score without any change in relationship of Borg score to Vo2, but in the control group the position of <4 the curve did not change.
Discussion
We have shown that a four week period ofEMT using a pressure threshold device increased the -r--, ,--i-strength of the expiratory muscles and reduced 8 9 10 the sensation of respiratory effort during exercise in normal subjects. In conclusion, expiratory muscle training reduces the sensation of respiratory effort during exercise in normal subjects, although the exact mechanism of this effect is unclear. Before this expiratory muscle training programme can be applied to patients with respiratory disease, the effect of EMT on breathlessness should be investigated in a modified programme for patients. 
